Background. Assessing healthcare utilization is important to identify weaknesses of healthcare systems, to outline action points for preventive measures and interventions, and to more accurately estimate the disease burden in a population.
in healthcare-seeking behavior patterns [5, 8] . The avoidance of underestimating the disease burden in a population is contingent on adjustments for healthcare utilization [6, 9, 10] . The Typhoid Fever Surveillance in Africa Program (TSAP) has investigated the incidence of invasive Salmonella infections through passive, HCF-based surveillance. To assess healthcare utilization for fever among the program's study populations, a population-based, cross-sectional survey design was developed and introduced at selected sites in Burkina Faso, Ethiopia, Ghana, Guinea-Bissau, Madagascar, Senegal, South Africa, Sudan, and Tanzania. The main objective of the healthcare utilization survey was to estimate the percentage of each study population that selected a public HCF nominated for TSAP as the first point of entry into the healthcare system for a condition associated with fever. These data were then used to adjust estimates of invasive salmonellosis and other fever-related diseases for the percentage of each study population that was not captured by the program's surveillance [11] .
METHODS
The survey design and data collection as well as baseline analyses are explained for the study sites in Polesgo and Nioko 2, Burkina Faso; Butajira, Ethiopia; Bissau, Guinea-Bissau; Imerintsiatosika and Isotry, Madagascar; Pikine, Senegal; Pietermaritzburg, South Africa; Wad-Medani, Sudan; and Moshi, Tanzania. All methodological differences among the sites are indicated throughout the manuscript where appropriate. The survey methodology for the study site in Asante Akim North District, Ghana (AAN) has been described previously [12] . Protocol and study procedures were approved at each participating site by the research ethics committees of all collaborating institutions and the Institutional Review Board of the International Vaccine Institute.
Study Design
Study sites were selected based on available reports on typhoid fever, a suitable laboratory infrastructure, sufficient experience in surveillance, and access to healthcare within each site [11, 13] . National health indicators for each participating country compared to the African Region are outlined in Table 1 . The size of each study population and the boundaries of each site and its administrative subunits were determined using source data, including latest demographic information, administrative and geographic data, sketch-maps, and population summary figures and growth factors. In addition, contemporary admission records were accessed to trace back residences of patients seeking healthcare at a TSAP-HCF and to reconfirm the boundaries of each site. Site-specific characteristics are summarized in Table 2 .
The survey was conducted at randomly selected households. For the purpose of this survey, a household was defined as a person or persons sharing housekeeping arrangements, The Human Development Index is a composite index to measure average achievements in life expectancy, education, and income per capita to rank countries into very high, high, medium, and low human development.
acknowledging an adult person as the household head, and providing themselves with essentials for living. For enrollment into the survey, we determined that household members had been residents in the identified household for at least 6 months prior to being approached and provided voluntarily written fully informed consent. Eligible household members were females and males of all ages. Individuals with unknown residence, those with residence outside the study area, and temporary visitors were excluded. The sampling frame, which listed all households in a study area, was utilized for random selection of households using a simple or stratified or weighted-stratified random sampling methodology (Table 2) . It preexisted for Polesgo/Nioko 2, Butajira, and Bissau, and was extracted from a Health and Demographic Surveillance System database [19] . No sampling frame was available for Pikine, Wad-Medani, Pietermaritzburg, and Imerintsiatosika/Isotry; at these sites, the frame was generated using satellite imageries [20, 21] (eg, Google Earth Pro, Google Inc, Mountain View, California) to enumerate structures, hypothesizing that a structure constitutes the residence of a single household. Neither did a sampling frame exist for Moshi, nor could it be generated. Therefore, a central location in each subunit and a direction pointing toward the subunit's boundaries followed by a starting household and households in closest proximity were selected, applying systematic sampling.
The minimum sample size per site was computed assuming a proportion (defined as the study area's population that sought healthcare for fever at a TSAP-HCF) of 0.2 (Moshi: 0.05) within 95% confidence intervals (CIs) (Moshi: 98.8% CI), a normal deviate for an α error of 0.05 (Moshi: 0.0125), a precision of 5.0%, and a design effect of 2.0 [22, 23] . A design effect of 2.0 was assumed (exception: Polesgo) as no reliable estimates were available [24, 25] and to adjust for healthcare utilization patterns clustering naturally among household members [22] . The sample size calculation resulted in a minimum of 246 (Polesgo), 492 (Nioko 2, Butajira, Bissau, Imerintsiatosika/Isotry, Pikine, Pietermaritzburg, Wad-Medani), and 779 (Moshi) households to be visited. The sample size was further weighted proportionally to the population size of each study area's subunit (exception: Polesgo and Moshi). Microsoft Visual FoxPro's (Redmond, Washington) random number generator selected households without replacement (exception: Moshi).
Data Collection
On-site interviewers were identified and underwent training just before the survey start on locating of households, identification of respondents, informed consent procedures, and deployment of the pretested standardized survey questionnaire. Informed consent forms and questionnaires were translated into Amharic, Arabic, French, Portuguese, and Swahili, and back-translated into English to identify translation errors and to make corrections. For the purpose of this study, a respondent was defined as [14] 360 000 (2012) [15] 361 582 (2011) [16] 48 000 (2012) [17] 651 029 (2012) [18] Approximate study area, km an adult, permanent household member, and decision maker concerning healthcare utilization for the entire household and served, thus, as a proxy for the entire household. Eligibility of the respondent was assessed at each household. Appointments for up to 3 consecutive visits were made if an eligible respondent was not present. Fever was self-diagnosed and lasted <3 days, in conformity with the study inclusion criteria as defined for TSAP [11] . The customized survey questionnaire aimed at collecting primarily background and demographic data and the overall as well as age-stratified healthcare-seeking behavior. Main background and demographic data were the household's address and geographic positioning system coordinates, the respondent's identification, and the number of household members, including each member's age and sex. Primary data for assessing healthcare utilization were the first choice of healthcare in cases of fever. Predefined categories for assessing choices of healthcare were visiting a public TSAP-HCF (eg, hospital, healthcare center, health post; for types of HCF by site, see Table 3 ) or any private or public HCF, or consulting a medical practitioner, pharmacy, or traditional healer in the study area. Further categories included self-management (someone decides autonomously for himself/herself or other members of the same household how to treat fever without consulting a health professional) or not treating fever at all.
Data Analyses
Relative frequencies, ratios, or arithmetic means were computed for the variable distributions, including 95% CI (normal approximation), using Stata software, version 11 (College Station, Texas). The percentage of each study population (both sexes; all ages, <2 years, 2 to <5 years, 5 to <15 years, ≥15 years) that chose a TSAP-HCF as primary location in the event of fever was computed, including 95% CI (application of overall and age-stratified percentages; see Marks et al [11] ).
RESULTS

Baseline Characteristics
We interviewed a total of 28 509 people in 5359 households (AAN: 8715 [12] ). The household head (acknowledged by household members) was interviewed in about 50% of enrolled households, except for Pikine (27.1%) and Wad-Medani (22.1%). Respondents were mainly female (range of male-female sex ratio, 0.30-0.85; AAN, 99.2% [12] ) and had a mean age ranging from 34 years (95% CI, 33.3-35.6 years; Nioko 2) to 49 years (95% CI, 47.7-50.0 years; Moshi).
Absolute sizes of surveyed populations among all enrolled households varied: <2000 people in Polesgo; 2000-3000 people in Nioko 2, Butajira, Pietermaritzburg, and Imerintsiatosika/ Isotry; 3000-4000 people in Wad-Medani, Bissau, and Moshi; and >4000 people in Pikine-Senegal. The household sizes (indicated as mean number of household members) were largest in
]).
The studied populations had an almost equal male-female sex ratio in Nioko 2, Butajira, Wad-Medani, and Imerintsiatosika (range, 1.00-1.07) compared with a slightly smaller malefemale sex ratio (range, 0.82-0.92) among all other study populations. All surveyed populations had a similar age distribution (<15 years of age: 30%-40%; ≥15 years of age: 60%-70%).
Overall Healthcare-Seeking Behavior Studied populations revealed an overall tendency of either seeking healthcare predominantly at HCFs, or at HCFs and, alternatively, primarily at pharmacies or medical practitioners in the same study area or deciding for self-management (Figure 1) .
More than 85% of study populations in Nioko 2, Bissau, and Pietermaritzburg, and >95% in Polesgo and Butajira reported to seek healthcare at any HCF within each study site. About 27.0% of the Pikine population indicated to alternatively visit medical practitioners or pharmacies or to decide for self-management, and an additional 9.2% of respondents reported not to treat fever at all. Unlike in Pikine, 38.2% of WadMedani's study population stated to preferably treat fever by self-management, in addition to consulting traditional healers. We found that 39.0% of the Imerintsiatosika population indicated seeking healthcare at pharmacies, whereas the remainder reported treating fever by visiting traditional healers or medical practitioners or by any mode of self-management. Healthcareseeking patterns in Isotry were similar to those of Imerintsiatosika: 41.5% of the study population preferably consulted pharmacies. The remainder stated to visit medical practitioners or to treat fever by self-management. Unlike all other sites, >64% of Moshi's population reported favoring self-management of fever in addition to seeking healthcare from traditional healers or not treating fever at all.
Age-Stratified Healthcare-Seeking Behavior
Seeking healthcare at any HCF among age-stratified study populations revealed either no age-dependent variation or an increase or a decrease of healthcare utilization with increasing age or fluctuating healthcare utilization with increasing age. Agestratified healthcare-seeking behavior patterns for alternative healthcare options (eg, traditional healer, medical practitioner, pharmacy, self-management, nontreatment) are summarized in Table 3 .
No differences in healthcare-seeking patterns at HCFs associated with age were seen among study populations in Polesgo, Butajira, Bissau, or Isotry. However, within the same populations, the overall percentage of utilizing any TSAP-HCF in the event of fever decreased with increasing age in Polesgo, Butajira (<2 years: 69.6%; ≥15 years: 63.0%), fluctuated by age in Isotry, and did not show major age-dependent variations in Bissau. Our data additionally revealed that a larger percentage of Butajira's and Bissau's populations of increasing age utilized a TSAP hospital rather than a TSAP healthcare center (Table 3 ). In turn, caretakers of febrile children in Butajira and Bissau preferably visited a TSAP healthcare center rather than a TSAP hospital.
Healthcare utilization at HCFs in each study area increased with age among the Pietermaritzburg population, and decreased with increasing age of populations in Nioko 2, Imerintsiatosika, Pikine, and Wad-Medani. The same age-dependent patterns for utilizing any TSAP-HCF were also found for Pietermaritzburg (<2 years: 2.1%; ≥15 years: 31.9%), Imerintsiatosika, and Pikine (<2 years: 39.0%; ≥15 years: 30.0%). Nioko 2's study population did not indicate any age-related variations for utilizing a TSAP-HCF for fever, and Wad-Medani's population were shown to rather seek healthcare at any TSAP-HCF with increasing age (<2 years: 22.1%; ≥15 years: 28.7%). Healthcare-seeking patterns for fever fluctuated solely among age groups of the Moshi population for utilizing any HCF (<2 years: 37.2%; 2 to <5 years: 26.4%; 5 to <15 years: 63.7%; ≥15 years: 12.1%) and the TSAP-HCF.
DISCUSSION
This study revealed similarities, but also substantial differences in healthcare-seeking behavior patterns for fever as reported by well-defined proxy respondents among the study populations in the different countries. Overall findings show that more than two-thirds of the population of Polesgo and Nioko 2 (Burkina Faso) and Butajira (Ethiopia) would have been captured by the program's facility-based surveillance. In contrast, only approximately 25%-45% of study populations in Bissau (Guinea-Bissau), Pikine (Senegal), Wad-Medani (Sudan), and Pietermaritzburg (South Africa), and about 4%-20% in Imerintsiatosika and Isotry (Madagascar) and Moshi (Tanzania), would have been under optimum fever surveillance. These findings emphasize the importance of assessing facility-based healthcare utilization to generate adjusted, more accurate estimates of the occurrence of Salmonella infections and other diseases associated with fever [5, 6, 8] .
The high attendance of populations in Polesgo and Nioko 2 at TSAP-HCFs may partially be explained by the encouragement of the Ministry of Health to seek formal healthcare for fever conditions [26] . Previous findings have also indicated that increased healthcare utilization at an HCF was strongly influenced by a short distance between households and the HCF [26] . This may also apply to Polesgo and Nioko 2, considering the small area of each study region. Apart from improvements in the healthcare infrastructure across Ethiopia, strong trust in modern healthcare among Ethiopians was reported by Mebratie et al [27] . In that study, attendance at HCFs for fever-associated diseases was found to be >60% [27] , which is in accordance with our results. Country-wide similarities among Burkina Faso and Ethiopia in terms of the population's percentage living on <$1.25 per day, the proportion of governmental and private health expenditures, and the large number of confirmed malaria cases (Table 1 ) may provide additional explanations for the reported healthcare utilization.
Although Madagascar's government introduced an equity funds system for improving universal access to public healthcare, particularly for the poorest [28] , Littrell et al [29] reported that healthcare was still mainly sought within Madagascar's private healthcare sector. This may provide some rationale for the large proportion missed by the program's system and indicates the need for improvement [30] . It was observed that 52% of the Madagasy population sought healthcare for fever at private pharmacies/drug shops, 26% at healthcare facilities, and 35% at other private sectors [29] (eg, medical practitioners). This is consistent with our results among children and adults in Imerintsiatosika and Isotry, Madagascar. Previous findings from Tanzania revealed that the individual perception of fever [31] as a normal condition was a common reason for not seeking healthcare at a HCF (although public healthcare for children <5 years old and pregnant women is free of charge). The preferred mode was to consult a traditional healer, not seeking healthcare at all [32] , or any mode of self-management such as using one's own medicine and home remedies [33] , which is in accordance with our results from Moshi. Previous investigations have shown that HCF attendance declined with increasing household sizes and distances to an HCF [32] , but also due to the lack of financial affordability and trust in formal healthcare [31] . The large proportion of the population living on <$1.25 per day and the low proportion of governmental, but high proportion of private health expenditures (Table 1) may also influence healthcare-seeking patterns in Tanzania.
We tried to limit the possibility of recall bias in assessing healthcare utilization by not linking fever to a specific disease onset date and by carefully identifying respondents. Bias in selecting households was minimized by relying on the computerized random selection. A major limitation of this work was the cross-sectional study design itself-the assessment of healthcare utilization at a single time point only [5] . This allows neither for investigating secular and seasonal trends that may affect utilizing healthcare, nor for measuring potential effects of population movements [9] . Not assessing healthcare-related expenditures at households was a further weakness, but experiences gained during pretesting phases revealed the tendency of high refusal regarding questions on monetary earning and spending.
CONCLUSIONS
Our study has shown similarities and variations in healthcareseeking behavior for conditions associated with fever. It also outlined the need to adequately capture study populations during passive facility-based surveillance, which is, hence, contingent on the assessment of patterns in healthcare utilization. However, current findings require further in-depth analyses, which could identify potential correlations between utilizing healthcare and socioeconomic characteristics, ethnographic factors, and travel distances between households and TSAP-HCFs, especially in large study areas. Furthermore, considering the existing healthcare infrastructures may help to identify nodal points for improvement of healthcare systems, and for the implementation of health promotion and education programs besides preventive measures and interventions. This in turn would support the United Nations Millennium Development Goals of improving access to healthcare and affordable medication, thereby reducing the spread of important diseases and mortality. 
